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化合物 缩写 代码 
乙醇酸 H2glyc  
乳酸 H2lact  
草酸 H2ox  
亚氨基二乙酸 H2ida  
氨基三乙酸 H3nta  
2,2’-联吡啶 2,2’-bpy  
1,10-邻菲啰啉 1,10-phen  
[VO(glyc)(bpy)(H2O)]  1 
[VO(Hglyc)(phen)(H2O)]Cl·2H2O  2 
[V2O2(glyc)2(phen)2]·H2O  3 
[V4O6(glyc)2(bpy)4]·6H2O  4 
[V2O2(S-lact)2(bpy)2]  5 
[V2O2(S-lact)2(phen)2]  6 
[V2O2(R-lact)(S-lact)(bpy)2]  7 
[V2O2(R-lact)(S-lact)(phen)2]  8 
[VO(ox)(bpy)(H2O)]  9 
[VO(ox)(phen)(H2O)]  10 
[VO(ida)(bpy)]·2H2O  11 
(phen)[VO(ida)(phen)]·4H2O  12 



































2011 年，高分辨率单晶 X 射线衍射结果显示固氮酶催化活性中心铁钼辅基的结
构为 MoFe7S9C(R-homocit)(N-His)。其中，Mo 原子和三个硫原子、一个组氨酸
咪唑环上的氮原子和两个高柠檬酸上的氧原子配位，形成扭曲的八面体结构。高
柠檬酸通过α-烷氧基氧和α-羧基氧与钼双齿螯合。而且 Spatzal 等观察到了 CO
络合在 FeMo-co 上的结构。钒固氮酶被认为是一种“备份”的固氮酶体系，其








源，并加入 N-杂环配体邻菲啰啉和联吡啶，合成了系列配合物 1 ~ 13：
[VO(glyc)(bpy)(H2O)] (1) ， [VO(Hglyc)(phen)(H2O)]Cl·2H2O (2) ，
[V2O2(glyc)2(phen)2]·H2O (3)，[V4O6(glyc)2(bpy)4]·6H2O (4)，[V2O2(S-lact)2(bpy)2] 
(5) ， [V2O2(S-lact)2(phen)2] (6) ， [V2O2(R-lact)(S-lact)(bpy)2] (7) ，
[V2O2(R-lact)(S-lact)(phen)2] (8)，[VO(ox)(bpy)(H2O)] (9)，[VO(ox)(phen)(H2O)] 
(10) ， [VO(ida)(bpy)]·2H2O (11) ， (phen)[VO(ida)(phen)]·4H2O (12) ，
(Hphen)[VO(nta)(H2O)]·2H2O (13)。 
本文的主要结果总结如下： 



















对称四核 V4Ο4构型，由三个 V2Ο2棱形桥连，钒与乙醇酸的比例为 2：1。乙醇酸
与末端钒原子螯合，α-烷氧基氧作为桥氧与两个钒键连。 
2、双核乳酸钒配合物 5 ~ 8，钒与乳酸的比例为 1：1。乳酸通过α-烷氧基氧
和羧基氧与钒双齿螯合，其中α-烷氧基氧作为桥氧与两个钒键连。其中以 S-乳酸
为配体时，得到对称双核 V2Ο2构型。以 R,S-乳酸为配体时得到不对称双核 V2Ο2
构型。具有手性中心金属钒配合物的 VCD 光谱研究可以为催化活性中心
FeV/FeMo-co的手性中心金属 V/Mo的研究提供指导和参比。 
3、草酸钒配合物 9 和 10 是单核的 VN2O4构型，草酸通过羧基氧与钒双齿
螯合。亚氨基二乙酸钒配合物 11 和 12 为单核 VN3O3构型，亚氨基二乙酸以氨





















The reduction of dinitrogen to ammonia at mild condition can be realized in the 
process of biological nitrogen fixation, which mainly be attributed to existing of 
nitrogenase in microbes. Its catalytic mechanism and chemical simulation have been 
widely investigated in the past few decades. The high resolution X-ray structural 
analysis of the MoFe protein of nitrogenase reveals the iron molybdenum cofactor 
(FeMo-co) as a cage structure, MoFe7S9C(R-homocit)(N-his) at 2011. The 
molybdenum atom is coordinated with three sulfur atoms, a nitrogen atom from 
histidine residue and two oxygen atoms from homocitrate and the structure of CO 
binding to the FeMo-co has been obtained at 2014. Some organisms have ‘alternative’ 
V-nitrogenase, which inferred to have much similarity with Mo-nitrogenase in 
structure. The iron vanadium cofactor (VFe-co) is also as a cage structure, 
VFe7S9C(R-homocit)(N-his) like FeMo-co. In addition, we have proposed a 
protonated form of cofactor [VFe7S9C(R-Hhomocit)(N-His) and 
MoFe7S9C(R-Hhomocit)(N-His)] from chemical simulation. In spite of the similarity 
in structure, recent references report V-nitrogenase showing different properties in the 
reduction of CO. However, the mechanism of reduction of substrates (N2, CO for 
example) remains unclear. Thus, studying of the chemistry of vanadium with 
homologues of homocitrate is helpful to understanding the coordination environment 
of vanadium atom in iron vanadium cofactor.  
In this thesis, we have synthesized various vanadium complexes 1 ~ 13 with 
glycolic acid, lactic acid, oxalic acid, iminodiacetic acid, or nitrilotriacetic acid 
ligands with 1,10-phenanthroline or 2,2’-bipydine: [VO(glyc)(bpy)(H2O)] (1), 
[VO(Hglyc)(phen)(H2O)]Cl·2H2O (2), [V2O2(glyc)2(phen)2]·H2O (3), 
[V4O6(glyc)2(bpy)4]·6H2O (4), [V2O2(S-lact)2(bpy)2] (5), [V2O2(S-lact)2(phen)2] (6), 
[V2O2(R-lact)(S-lact)(bpy)2] (7), [V2O2(R-lact)(S-lact)(phen)2] (8), 
[VO(ox)(bpy)(H2O)] (9), [VO(ox)(phen)(H2O)] (10), [VO(ida)(bpy)]·2H2O (11), 















structural and spectral properties are studied. 
The results of this thesis are summarized as follows: 
1、The glycolate acts as bidenate ligand via its α-alkoxy/α-hydroxy and carboxy 
groups in mononuclear vanadyl glycolates 1 and 2, and vanadium atom formed 
VN2O4 configuration. The molar ratio of vanadium and glycolate is 1 : 1, bidentate 
coordination modes of vanadium in 1 and 2 are similar to that of homocitrato 
vanadium in VFe-co. What’s more, the α-alkoxy group in 2 is protonated. We infer 
that α-alkoxy group in FeV-co/FeMo-co also exist protonated forms, which supported 
by the IR spectra preliminarily. 3 has symmetric V2O2 core. The molar ratio of 
vanadium and glycolate is 1 : 1. 4 has symmetric V4O4 core containing three 
connected V2O2 core. The molar ratio of vanadium and glycolate is 2 : 1. In 3 and 4, 
the glycolate acts as bidenate ligand via its α-alkoxy and carboxy groups, where the 
oxygen atom from α-alkoxy group acts as oxgen bridge with two vanadium atom. 
2、Vanadyl lactates 5 and 6 have symmetric V2O2 core, while 7 and 8 have 
asymmetric V2O2 core. The molar ratio of vanadium and lactate is 1 : 1, the lactate 
acts as bidenate ligand via its α-alkoxy and carboxy groups, where the oxygen atom 
from α-alkoxy group acts as oxgen bridge. The information of VCD spectra of 5 and 
6 may provide potential probes for the identification of the FeV-co with chiral metal. 
3、The complexes 9 ~ 12 are mononuclear with VN2O4 or VN3O3 configuration, 
where the molar ratio of vanadium and oxalate/ida is 1 : 1. For 9 and 10, the oxalate 
acts as bidenate ligand via its carboxy groups. While the ida acts as tridentate ligand 
via its carboxy groups and amino groups. Complex 13 are mononuclear with VNO5 
configuration, where the molar ratio of vanadium and nta is 1 : 1. The nta acts as 
tertdentate ligand via its carboxy group and amino group. Coordination of carboxylic 
acids with vanadium affected by the kinds of carboxylic ligands, solvents, temperture, 
pH value and so on. 
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